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Effect of the Deficiency of Spinal PSD-95/SAP90 on the 
Minimum Alveolar Anesthetic Concentration of 
Isoflurane in Rats 

Yuan-Xiang Tao, Ph D. t M.D.," Roger A. Johns, M.D.f 



Backjpvnmci: Spinal ,V-ineihyl-o-;isi>jirl;ue (NMD A) receptor 
activation has been demonstrated to play no Important role In 
the processing of spinal nociceptive Information and In the 
determination of the minimum alveolar anesthetic concentra- 
tion (MAC} of inhalatloual anesthetics. Postsynaptic clenslty-95 
(PSD-95)/synnj)S<-iis«ocliilcd proicln-90 CSAP90) f a molecular 
sen/folding protein that binds and clusters Ihc NMDA receptor 
pcrfcrcmlally at synopses, was implicated in NMDA-lnihtced 
thermal hyperalgesia. The current study investigated the possi- 
ble involvement of PSD-95/SAP90 in determining MAC for 
Lsofhirnne tin erst hes la. 

Methods: Spragttc-Dawicy rut* were prctreatcd intrathccally 
with r.SD-95/SAP90 untisciiic olJgoolcoxyrlboinicleoUdc (ODN), 
sense ODN, mi*fseuse ODN, or saline every 24 li for A days. After 
hiilJnJ baseline determination of the MAC NMDA or saline was 
injected liitrnthccally. Ten minutes later, MAC measurement 
was repeated. The ruts also were evaluated for the presence of 
locomotor dysfunction by intrathecal adndniscrntion of NMDA 
or .saline in the saline- and ODN-trcatcd rats. 

Results: In the groups treated with nntisense ODNk, but not In 
lho.se treated with scn.ie or missense ODNs, there was n signif- 
icant decrease in Isoflurane MAC tlml was not accompanied by 
marked changes in either blood press tux: or heart rate. In the 
.saline-trentcd group, intrathecal NMDA caused an increase hi 
isoflurane MAC. In contrast, hi the antlscnse OON-treated 
tfroup, intrathecal NMDA did noi produce a significant change 
In Jso/luranc MAC, An NMDA-lnduccd increase in blood pres- 
sure but not heart rate waj# found in both »;iiine- and antlscnsc 
ODN- treated groups. Locomotor activity was not changed in 
any of the treated animals. 

Conclusion: The result* indicate not only a algnjncaiu de- 
crease in MAC for Isoflurane but also nu attenuation in the 
NMDA-lnduccd increase In isollurunc MAC In the PSD-95/SAP90 
antlscnsc-trcatccl animals, which suggest that PSD-95/SAP90 
may mediate the role of the NMDA receptor in determining the 
MAC of inhaJntloiial anesthetics. 
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THE potency of anesthetic agents to inhibit the ability o 
a patient to respond with movement to painful stimul 
has long been used as a test of anesthetic action. Thi: 
potency, characterized by its ED SI) , is widely known a.* 
the minimum alveolar concentration (MAC;). Scvcra." 
lines of evidence have shown that spinal A/-nVcLhy!-o 
aspartate (NMDA) receptor activation might play a key 
role in the processing of nociceptive information 1 "- 1 auc; 
in the determination of the MAC of inhaiationai anesthet- 
ics. 4 ~ ft For example, the NMDA receptors are distributed 
mainly in the superficial laminae of the spinal cord. 7 '* 
Both repetitive C-fiber stimulation and direct application 
of gluinmate or NMDA produce spinal neuronal sensiti- 
zation and enhance responsiveness, which can be 
blocked by NMDA receptor antagonists. 2 * 0 "' 1 Behavioral 
studies demonstrate that spinal administration of NMDA 
produces thermal hyperalgesia, eandaily directed 
.scratching and biting, and exaggerated responsiveness 
to light touch. 12 "" Moreover, antagonism of the spinal 
NMDA receptors produces antinociccption in numerous 
animal models of pain"" 20 and reduction in the MAC of 
isomirane.' 1 ' 6 However, the molecular mechanisms un- 
derlying these actions remain unknown. 

The postsynaptic density (PSD), a highly organized 
cytoskeJetal structure found adjacent to the postsynaptic 
membrane of excitatory synapses, is believed to play a 
role in the organization of receptors and related proteins 
involved in synaptic signaling. 21 ' 22 A number of proteins 
enriched in the PSD have been characterized. 23 ' 2 ' 1 One of 
these proteins, PSD-95/synnpse-associated protcin-90 
(SAP90), is ;tn abundant scaffolding molecule that hinds 
and clusters the NMDA receptor preferentially at syn- 
apses in the brain and spinal cord, 2 *" 3 " This raises the 
possibility that PSD-95/SAP90 might be involved in many 
physiologic and pathophysiologic actions triggered via 
the NMDA receptors and perhaps other receptors in the 
central nervous system. Indeed, suppression of PSD-95/ 
SAP90 expression attenuated excltotoxicity produced 
via NMDA receptor activation in brain neurons. 11 The 
lack of PSD-95/SAP90 revealed an enhanced NMDA-de- 
pendent long-term potentiation and impaired learning.* 2 
Recently, we found that the deficiency of PSD-95/SAP90 
in the spinal cord decreased NMDA-iuduced thermal 
hyperalgesia/ 0 suggesting that PSD-95/SAP90 might be 
involved in spinal processing of nociceptive information. 
In the present study, we examined whedier PSD-95/ 
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SAP90 in the spinal core! was involved in determining the 
MAC of isoflurane. 



Materials and Methods 

The present study protocol was approved by the Ani- 
mal Cure Committee at the Johns Hopkins University. 
Male Sprague-Dawley rats (250-300 g) were housed 
individually in cages on a standard 12 h-12 h light-dark 
cycle. Water and food were available ad libitum until 
ruts were transported to the laboratory approximately 
1 h before the experiments. All experiments were per- 
formed during tlie same conditions. 

Animal Ptvparalicm 

Rats were anesthetized by intraperitoneal injection of 
pentobarbital sodium (45 mg/kg;. Long-term intrathecal 
catheters were Inserted by passing a polyethylene- 10 
catheter through an incision in the atlanto-occipitai 
membrane to a position H cm caudal to the cisterna at 
the level of Che lumbar subarachnoid space using meth- 
ods described previously/** The animals were allowed to 
recover for 5-7 days before experiments were initiated. 
Rats that showed neurologic deficits postoperatively 
were removed from the study. 

To examine whether the deficiency of the expression 
of PSD-95/SAP90 affected the threshold for isoflurane 
anesthesia, we designed an antlscnsc ollgodcoxyribo- 
nuclcotide (OI>N) corresponding to the )\SD-95-DU;- 
ZO-l domain nucleotides 24-1-258 (5-TGTGATCTCX:T- 
CATACTC-3') of nit PSD-95/SAV90 mRNA, as well as the 
sense ODN and mlssen.se ODN (5*-AAGC;(;crrGTTC- 
CCATrf-'rV)/ 0 All of the ODNs were searched to ex- 
clude nonspeclficlty of the sense or antlsense ODNs 
and to shuw that missense ODN did not match any 
confounding sequences in the CienBank database (Gen- 
Hank accession number M96B533, The ODNs were made 
and purified with the use of high-performance liquid 
chromatography (Integrated DNA Technologies, Inc., 
Coratville, IA). As described in previous work/* 0 the 
ODNs were dissolved in saline before administration. 
The rats were Injected intrathecally with snline (10 /xl; 
control), antlsense ODN (12.5, 25, 50 /xg/10 jxl), sense 
ODN (50 /xg/10 fx,]), and missense ODN (50 ttg/10 lx.1), 
respectively, followed by an Injection of 10 ttl saline to 
flush the catheter, every 24 h for 4 days. 

Measurement of Minimum Alveolar Concentration 
On the fifth day after saline or ODN injection, each rat 
was placed in a clear plastic cone and anesthetized with 
5% isoflurane in oxygen for 3-5 mln. After tracheostomy, 
the trachea of each animal was incubated with a 1.6- 
gaugc polyethylene catheter. The inspired isoflurane 
concentration was reduced to 2%, and the animals 
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breathed spontaneously until cannulation of a carotid 
artery and a jugular vein with polyethylenc-50 tubing 
was accomplished. The isoihiraiie concentration was 
decreased further to 1.5%. and ventilation was con- 
trolled by an animal respirator adjusted according to the 
measurement of arterial blood gases to maintain normal 
partial pressure of oxygen (91-94 mnil-lg), partial pres- 
sure of carbon dioxide (33-41 mniHg), and pH 
(7.4-7.44). Hectrc>cardiography and systolic and dia- 
stolic blood pressure were monitored. Rectal tempera- 
ture was maintained between 36.5 and 37.5°C with a 
heating blanket and warming lights. 

A polyethylene- 10 catheter was introduced throtiglr 
anil heyond the endotracheal tube until obstruction to 
passage was met and was then withdrawn 1 to 2 mm. 
For isoflurane MAC: measurement, the polyethylene- 10 
catheter was connected to a parameter airway gas mon- 
itor. Alter stabilizing approximately 30 min, MAC; was 
measured according to previously described methods* 1 
using a Jong hemostat clamped to the first ratchet lock 
on the tail for 1 min. The tail was always stimulated 
proximal to a previous test site. Gross movement of the 
head, extremities, or body was taken as a positive test 
result, whereas grimacing, swallowing, chewing, or 
tall flick were considered negative results. The Isoflu- 
rune concentration was reduced in decrements of 
0.12-0.15% until the negative response became posi- 
tive, with J.2-15-min equilibration allowed after changes 
in concentration.^^The MAC was considered to be the 
concentration midway between the highest concentration 
that permittee! movement in response to the stimulus and 
the lowest concentration that prevented movement. Fi- 
nally, intrathecal polyethylene- 10 catheter position from 
each animal was confirmed. 

In some saline-treated rats, after Initial baseline MAG 
determination, NMDA (Sigma, St. Louis, MO) at the dose 
of 1.25 ^,g M or saline was injected intrathecally In a 
volume of 10 jjlI saline, followed by an injection of 10 /xl 
saline to flush the catheter. Fresh NMDA solution was 
prepared for each experiment. An Isoflurane concentra- 
tion was chosen at which movement did not occur In 
the last negative response before the positive test re- 
sponse. At this Isoflurnnc concentration, 10 min after the 
intrathecal injection of NMDA, the animals were tested 
again for reactivity to tail clamp. The concentration of 
Isoflurane was Increased, and response to tail clamp was 
checked every 12-15 mln thereafter until a negative 
response was achieved. In some anliscnse ODN (50 ju.g> 
trcutcd rats, after initial MAC determination, NMDA or 
saline was also administered intrathecally. The MAC; for 
isoflurane Was again determined after the aforemen- 
tioned procedures. 

Tests of Locomotor Function 

The effects of ODNs on locomotor function were ex- 
amined using the following methods/ 7 The animals 
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SAP9() may he involved in the processing of pain and 
that the deficiency of PSD-95/SAP90 may produce anal- 
gesic action at the spinal cord level. Such an action is 
consistent with our current report of the effect of the 
deficiency of PSD-95/SAP90 on MAC. In the current 
experiments, wc chose doses of antisense ODN that did 
not cause motor and general behavioral dysfunction 
when administered intra theca 11 y in rats. We believe diat 
the effect of suppression of spinal PSD-95/SAF90 expres- 
. sion that resulted in the reduction in MAC in the current 
study may be a result of effects on analgesia alone. 
However, PSD-95/SAP90 has been demonstrated to be 
involved in the median isms of long-term potentiation 
and learning/ 2 Whether the antisense ODN for PSD-95/ 
SAP 90 produces n sedative effect or decrease conscious- 
ness is unknown, although an effect of antisense ODN 
on righting reflex was not observed in the current study. 
The possibility of these actions of the antisense ODN in 
the central nervous system could not be ruled out from 
the current study because the intrathecal antisense ef- 
fect had a segmental nature. 

A role for the NMD A receptors in determining the 
MAC of inhniational anesthetics is suggested by the fact 
that the systemic or intrathecal administration of NMDA 
antagonists significantly reduces the MAC of isoflurane in 
rats, which is completely reversed to control level by 
intrathecal administration of NMDA. 4 " 6 The current 
study further indicated that intrathecal administration of 
NMDA increased the MAC of isoflurane in saline-treated 
rats. Interestingly, in antisense ODN- treated rats, Intra- 
thecal Injection of NMDA did not affect the MAC of 
isoflurane. Our previous study showed that PSD-95/ 
SAP90 completely overlapped with the NMDA receptor 
suhunits 2A and 2fl in spinal superficial dorsal horn.* 40 
l-urthermore, with the use of co-irnmunoprccipitation, it 
was found that the J\SD-95/SAPy() antibody was able to 
immunoprccipate not only PSD-95/SAP90 but also NR2A 
and 2H in vivo*" These findings demonstrate that PSD- 
95/SAP90 interacts widi NK2Aand 2B in the spinal cord 
in vivo. Combined with the current results, it is sug- 
gested that PSD-95/SAP90 is essential for the actions of 
the NMDA receptor in determining the MAC of inhnia- 
tional anesthetics. The present finding may provide 
novel Insights into the mechanisms of anesthesia and 
potentially novel sites for therapeutic intervention. 

In our experiments, no significant hemodynamic ef- 
fects were observed in the ODN-treuted animals during 
isoflurane anesthesia. However, intrathecal administra- 
tion of NMDA resulted in a significant increase in systolic 
and diastolic blood pressure during isoflurane anesthesia 
In both the saline- and antisense ODN-treatcd groups. It 
has been demonstrated that sympathetic preganglionic 
neurons located in the intermediate nucleus of the spinal 
cord arc Integral elements in die neural pathway linking 
the central nervous system to sympathetic nerves sup- 
plying the heart and blood vessels/ 3,4 " The effects of 



NMDA on blood pressure may be a result of the invoi 
meut of the NMDA receptor in regulation of sympathc 
output at the spinal cord level. In immunohistochcnii 
studies, glutamatc and its receptors were found in r 
intermediolateral nucleus of the thoracic spii 
cord/ 5 -' 16 Intrathecal administration of NMDA at the T 
level increased arterial pressure. This action was block 
by NMDA receptor antagonists.' 17 *'"* It is likely tl 
NMDA, administered intratheealiy at the lumbar level 
this study, activates spinal sympathetic activity In t 
intermediolateral nucleus and produces the increase 
blood pressure. We found that the antisense ODN h 
no effect on the hemodynamics or on the NMDA- 
dticed increase in blood pressure, a finding that Is cc 
distent with our previous observation, that PSD-9S/SAP 
was absent or present at extremely iow levels In t 
intermediolateral nucleus of the spinal cord/"* 0 It cot 
be that the second message signaling pathways in I 
somatic and the sympathetic nervous systems a re- cliff*- 
ent with respect to the NMDA receptor. Hong and He* 
ry' t7 and West and Huang 4 * 1 reported that microinjeeii* 
of NMDA into the intermediolateral nucleus at the spii : 
12 level or intrathecal injection of NMDA at the T10 Jc\ 
produced an increase in heart rate. Interestingly, t" 
effect of NMDA on heart rate was not observed in eith_ 
saline- or antisense ODN-treatcd groups* in the currc . 
study. The reason for this discrepancy between the pi 
vious and the current studies is not clear and may be 
result of a difference In anesthetic agents (lsoihirane 
the current study vs. urc thane, chloral hydrate, and , i 
diuni pentobarbitone). It is interesting to note that Int. 
thecal administration of the NMDA receptor antagonl 
(±)-2-amino-5-phosphonov:ilerlc acid, produced a do; 
related decrease in arterial pressure but not In he; 
rate.' 17,f,J These data suggest that there i.s a tonic acih 
tion of the NMDA receptor in the spinal sympathc*. 
pathway to the vessels hut not to the heart. 

In conclusion, wc showed that there was not only 
significant decrease in MAC for isoflurane but also' 
attenuation in the newly observed NMDA-huluced 
crease in isoflurane MAC in the PSD-95 ASATOO antlsen: 
treated animals. The binding of P»SD-95/SAP9() to t 
NMDA receptor preferentially at synapses in the spii 
cor,d and brain suggests that PSD-95/SAP90 may medi; 
the role of the NMDA receptor in determining the M/ 
of Inhalational anesthetics. Om results may provi 
novel insights into the mechanisms of anesthesia a 
Indicate new targets for drug development. 
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Tnhlc I. Effects of Anttscnsc (AS), Sense (SE), and Mlssensc (SE) Ollgodcoxyribonuclcotldcs and Suiuie Oft Isoilunuic MAC, ftlood 
Pressure (BP), and Heart Kate 



Saline 12.5 /jg AS 25 fig AS 50 AS 50 ^9 SE 50 ug MS 

(n = 14) [n = 6) (n » B) fn = 6^ (n 6) {n ^ 6) 



MAC 


1.16 




0.08 


1.15 




0.18 


0.98 




0.14* 


0.72 




0.05' 


1.15 


— 0,21 


1.13 


± 0.1 5 


BP (mmHg) 
































Systolic . 


119.86 




10.58 


127.58 




11.72 


122.75 




10.81 


129.58 




11.73 


126.67 


± 10.40 


121.33 


± 15.64 


Diastolic 


106.36 




7.78 


112.58 




7.14 


105.83 




7.8S 


112.50 




11.20 


105.58 


± 13.07 


105.75 


± 11.40 


Heart rate (heata/min) 


513.D0 




40.78 


534.80 




29.13 


541.20 




16.70 


514.20 




62.20 


529.60 


£ 22.61 


524,70 


± 44.90 



" P <. 0.01 versus saline- 1 rented (conlrol) group. 
MAC = minimum alveolar concentration. 



were organized randomly into six groups: control (sa- 
line), 12.5 /ig antisense ODN, 25 Atg antisense ODN, 
50 /xg antisense ODN, 50 /xg sense ODN, and 50 yug mis- 
sense ODN". The nits were pre treated with ODNs or saline 
ln the in j nner described above. On d^ie fifth day, it) ^d 
saline was injected intrathecally for each raL In some saline 
or antisense ODN C50 /xg> treated rats, fresh NMDA solu- 
tion (1.25 m0 was injected intrathecally. 'lhc follow- 
ing tests were performed w/rh the experimenter blind to 
which grotip was created with the agents: 

1. Placing re/lex: The rat was held with die hind limbs 
slightly lower than the fbrelimbs, and the dorsal sur- 
faces of the hind paws were brought Into contact 
with the edge of a table. The experimenter recorded 
whether tiie hind paws were placed on die table 
surface reflexively. 

2. Grasping reflex: The rat was placed on a wire grid and 
the experimenter recorded whether die hind paws 
grasped the wire on contact. 

3. lUgbting reflex: The rat was placed on its back on a 
flat surface and the experimenter noted whether it 

.immediately assumed the normal upright position. 

Scores for placing, grasping, and righting reflexes were 
based on counts of each normal reflex shown in live 
trials. In siddition, the rat general behaviors including 
spontaneous activity were observed. 

Stat is ilea I Analysis 

The MAC data were assessed statistically by an analysis 
of variance. Inter grout? differences were analyzed using 
the Newman-Kculs test. Locomotor data were assessed 
by a rank sum test. All data arc reported as the mean ± 
SD. Significance was set at P < 0.05. 

Results 

Tiie value for jsoflurane MAC in the control (saline- 
treated) group was 1 .16 ± 0.08, which is consistent with 
that in previous studies. 31 '^" In the groups treated with 
the antisense ODN at the doses of 12.5, 25, and 50 /xg, 
the isoflurane MAC values were decreased from isoflu- 
rane control MAC by 1%, 18% (P < 0.01), and 44% CP < 
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0.01), respectively (tabic 1). In contrast, intrathecal ad- 
ministration of sense ODN at the dose of 50 jag or 
missense ODN at the dose of 50 /ig did not significantly 
change die value for isoflunme MAC compared with the 
control group (table 1). No untoward effects were ob- 
served in any of the treated animals, including the anti- 
sense groups. In the ODN-treated groups, there was no 
significant change in cither blood pressure or heart rate 
compared with the control group before the mil clamp 
(table ].). Control baseline blood pressure was J 19.86 ± 
10.58 mml-Ig systolic and 106.36 ± 7.78 mmllg diastolic, 
and control baseline heart rate was 513.00 ± 40.28 
bcats/min. 

In rhc saiiac-treated group, intrathecal NMDA at a dose 
of 1.25 ^g caused an increase from isofkirane control 
MAC by 15% (P < 0.01; fig. I), The NMUA-induceU 
change in isofhirane MAC; was accompanied by a signif- 
icant increase in systolic and diastolic blood pressures 
(135.70 ± 3.38 mmHg and 118.30 ± 7.81 mmHg, re- 
spectively; P < 0.05 vs. control) but not in heart rate 
(529.20 ± 55.20 beats/min; P > 0.05 vs. control), How- 
ever, in the group pre treated with 50 jug antisense ODN, 
intrathecal administration of 1.25 /xg NMDA did not 
result in a significant increase in isoflurane MAC com- 
pared with the group treated with 50 n,g antisense ODN 




Control 1.25 ng 50 ag AS OON -f- 

NMDA AS ODN NMDA 



Fig. 1. Effect of intrathecal administration of /V-mctltyi-iwi*pnr- 
t:itc an Isoflurane minimum alveolar concentration (MAC) in 
the .saline- and l*SO-95/SAP90 nnthiciisc ollgotlcoxyW ho nucle- 
otide (AS ODiy>-trentccl groups. Data nix: presenred ne menu ± 
SD, n = 5 nniinals for each group, except n - j/j fat (lie 
sn line- treated Ccontrol) group, "SJgnJActinity tl liferent from 
control (P < O.Ol), 
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SUPPRESSION OF PSD-95/SAP90 EXPRESSION DECREASES MAC 




Acents 



Saline 

12.5 fxg AS 

25 AS 

50 /.tg AS 

50 ^9 SE 

50 m9 MS 

Salino + 1 .25 /ig 

NMDA 
50 AS 4- 1 .25 m9 

NMDA 



Placing 


Grasptng 


5(G) 


5(0) 


5(G) 


5(0) 


5 (G) 


5(0) 


4.83 (G.41) 


4.67 (0.52) 


5 (0) 


5(0) 


5 (C) 


5(0) 


5(G) 


5(0) 


4.83 (0.41) 


4.83 (0.41) 



5(0) 
5(0) 
5(0) 
4.83 (0.41) 
5(0) 
5(0) 
5(0) 

4.33(0.41) 



N t. 6, five trials, 

AS « antlsenso; SE senso; MS mlMenei,. NMDA - N-nrtBthyl-o-aspar- 
tato. 

alone (P > 0.05; ng. D- Interestingly* in the group 
prclrcated witli SO ^ antisense ODN, intrathecal NMDA 
at a close of 1.25 still produced a significant increase 
in systolic and diastolic blood pressures (138.00 ± 
577mmH[5 and i 17.00 ± 635 mmHfi, respectively; J> < 
0 05 on. the group that received 50 /xg antisense ODN 
alone) but not in heart: rate ± 17 beats/min; /> > 

0.05 w*. control). 

As shown In table 2, ODNs with or without NMDA at 
the doses used in the current study did not prodtiee 
significant effects on locomotor function. Convulsions 
and hyper-mobility were not observed in any of die 
treated animals. Including die antisense ODN groups. In 
addition, there was no significant difference in general 
behaviors, including spontaneous activity between the 
control and the ODN-trcntcd groups. 



Discussion 

The cut-rent study indicates thai pretreatment of PS1> 
t)VSAP90 aiuisensc ODN, but not sense or missense 
ODN, produced a remarkable reduction in isolluranc 
MAC.' This was not accompanied by changes In either 
blood pressure or heart rate. Furthermore, It was found 
that the PSD-9VSAP90 nntisense ODN blocked NMDA- 
induced Increase in isolluranc MAC in the current work, 
Our results suggest that the deficiency of PSD-95/SAP90 
expression may produce anesthetic and analgesic ac- 
tions at the spinal cord level and that PSD-95/SAP90 
might mediate the role of the NMDA reeeptor In deter- 
mining the MAC of inhalational anesthetics. 

Antisense ODNs have been widely used as research 
tools, and even as drugs m clinical trials. Antisense ODNs 
inhibit protein expression by the mechanisms of (1) 
suerlc blockade of ribosomal snbunlt attachment to 
niRNA at the 5' cap site; (2) interference with proper 
in UNA splicing through antisense binding to splice do- 
nor or splice acceptor sites; and (3) RNase-II-mediatcd 
degradation of hybridized mUNA/ w The proper design 
and controls of experiments are critical in demonstrating 
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a true antisense effect. In the ev$*rent study, the speci- 
ficity of intrathecal treatment with PSD-95/SAP90 anti- 
sense ODN has been shown. First, we designed the 
standard controls of equivalent sense sequence and mis- 
sense ODNs. Neither had any effect on the Isolluranc 
MAC. This indicates the specificity of the inhibition ob- 
served with the antisense ODN. Second, all of the ODNs 
had been searched to exclude nonspeciricity of the 
sense or antisense ODNs and to show that mlssense 
ODN did not match any confounding sequences in the 
Genbanlc database. Moreover, our previous results have 
demonstrated that antisense ODNs only suppressed the 
expression of PSD-9VSAP90 Inn not the expression of 
NMDA receptor subunits NR2A and 2l\ neuronal nitric 
oxide synthase, or SAP 102 (a protein that is closely 
related to the targeted protein) In the spinal cord.* 
These results suggest that the effects observed after 
treatment with the PSD-95/SAP90 antisense ODN are 
unlikely to be explained by changes in the expression of 
other proteins. Finally, the antisense ODN at the doses 
used in the present study only affected isollurane MAC 
without untoward effects in any of the treated animals, 
Including the antisense groups. Considering these sev- 
eral lines of evidence, we believe that the effects we 
have described may be caused by a direct and selective 
interference of the antisense ODN with mRNA tran- 
scripts of PS1>95/SAP90 and to the blockade of protein 
production 7>ici binding to the nucleotides of; P.S7>95/ 

SAP90 mRNA. 

The regional expression and function of PSD-9VSAP90 
In the mammalian brain have been investigated using a 
variety of experimental approaches/" 1 "* 4 ' PSD-9VSAP90 
immunoreaetlvity was found mainly in cortex, hip- 
pocampus, and cerebellum.' 1 ' 1 - 1 - 5 In brain neurons, sup- 
pression of P55D-95/SAP90 expression that selectively 
disrupted physical linkage of the NMDA receptor with 
neuronal nitric oxide synthase has been demonstrated to 
attenuate exeitotoxielty and Ca 2 "' -activated nitric oxide 
production via NMDA receptor activation." Mice carry- 
ing a targeted mutation in the PSD-95/SAP90 gene 
showed an enhanced NMDA-dependent long-term po- 
tentiation and impaired learning* 2 Recently, we found 
that the mllNA and protein of PSD-95/SAP.90 also were 
enriched In the spinal cord and selectively distributed in 
the superficial dorsal horn, where PSO-95/SAP90 expres- 
sion overlapped with thai of the NMDA receptor. 7 " In 
the spinal neurons, PSD-95ASAP90 interacted with the 
NMDA receptor subunits 2A and 2Ii/ w behavioral studies 
showed that intrathecal administration of antisense ODN 
for PSD-95/SAP90 significantly attenuated facilitation of 
the tail-flick reflex triggered through the NMDA reeeptor 
activation/ 0 This evidence indicates that activation of 
the NMDA receptor in spinal neuronal sensitization re- 
sults In association of the NMDA receptor with PSD-95/ 
SAP 90 and that PSD-95/SAP90 is required for the spinal 
mechanisms of hyperalgesia. This suggests that PSD-95/ 
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